The African trypanosomes undergo extensive development as they proceed through their life cycle, producing a range of stages with distinct functions. In response to the somewhat treacherous, extracellular environments occupied by trypanosomes in their rather different hosts -mammals and tsetse flies -elaborate survival mechanisms are utilized. The best known of these is antigenic variation (reviewed in [ 1-31), Briefly, the bloodstream form trypanosomes and the metacyclic stage are coated by a layer of the variant surface glycoprotein (VSG). By continual switching of the VSG, the trypanosome population evades complete destruction by the specific anti-VSG immune response. There is a repertoire of more than 1000 silent VSG genes (basic copy, BC genes) in each trypanosome and these are expressed differentially by the mutually exclusive use of bloodstream expression sites (B-ES), which are located at telomeres [4, 51. Most BC genes therefore cannot be expressed where they are and are activated by duplication into B-ES, forming temporary expression-linked copies (ELCs) [6, 71. However, some BC genes normally reside at telomeres and these can be activated it1 sitir (if they occupy a silent B-ES) or by moving into another B-ES [8, 91. Each B-ES is long (at least 40 kb), as dcfined by transcriptional start regions, and contains a collection of expression-site associated genes (ESAGs), which are not related to, but are co-ordinately transcribed with, VSG genes [4,5, 101.
revealed through the direct demonstration in the fly that M-VSGs are activated randomly and polyclonally [ 191. This raises three questions: what is the separate mechanism and how and why is the M-VAT repertoire so predictable?
To answer these, it was first necessary to establish an experimental model overcoming the problems inherent to working with metacyclic cells: the intrinsic antigenic instability of fly-transmitted trypanosomes, the very low numbers of metacyclic cells available and the polyclonal activation of M-VSG genes. This has been achieved using an adapted trypanosome line which yields metacyclic-derived clones in mice with sufficient stability for molecular analysis of active M-VSG genes [20] .
Metacyclic VSG genes occirpy novel telomeres M-VSG genes occupy a pool of telomeres which differ substantially from telomeres containing B-ES in structure and in position in the genome: for all analysed M-VSG genes, these are the telomeres of the largest chromosomes [21, 221.
The haploidy of VSG genes in a diploid genome means the number of telomeres available in this chromosome class could accommodate all the M-VSG gene repertoire 1231. We have cloned > 16 kb each of two telomeres containing M-VSG genes ( 1.22 and 1.6 1 ). Neither resembles previously characterized trypanosome telomeric regions, which contain B-ES: the genomic repetitiveness of almost the entire cloned regions is very low, even at relaxed hybridizational stringency [24, 251 . Within the 1.22 telomere, the only recognizable sequence is an exceptionally short 70 bp region (less than 2 repeat units, compared to the usual several kilobases of these repeats in B-ES telomeres) and, nearly 15 kb upstream, at least the 5' end of the lngi retroposon 1261. For the 1.61 telomere, there are only two 70 bp repeats and also a region which hybridizes fo an ESAG 1 probe. Probing at very low stringency has revealed no trace of other ESAGs. These findings are summarized in Fig. I . Two other, putative
I'henoiypic findings
The expression of variable antigen types (VATs) by the metacyclic population in the tsetse fly has one remarkable feature, great predictability. Regardless of the VAT expressed by the trypanosomes which initially infected the tsetse fly, a mixture of metacyclic VATs (M-VATS) is expressed, comprising a total of 12 in Trypunosoma congo lense 11 11 and no more than 27 in Trypanosoma rhodesiense [ 121, or 1-2% of the total VSG repertoire. There is no evidence yet for there being more than one VSG type on each cell. Unfortunately, the predictability is not sufficient for vaccination, as occasional changes in the M-VAT repertoire do occur [ 131. When metacyclic cells infect mice and develop into bloodstream forms, M-VAT expression persists for several days [ 14, 151, and Two sepurute KSG getie espressiori rnechuriisms
T h e molecular basis for the different activation and expression systems in metacyclic and bloodstream trypanosomes has been observed. In three metacyclic trypanosome clones expressing 1.22 and five expressing 1.6 1, only activation in sittr has been detected [3, 24, 251 . Contrastingly, in ten bloodstream trypanosome clones the same genes were activated only by generation of an ELC in a separate telomerc [ 241. Therefore, in antigenic variation there is the first evidence for different, stage-specific mechanisms for activation o f individual genes in parasites.
Sirnple M -KSC; geric esprrssiori sites
It is clear that, despite their structural simplicity when compared with B-ES (Fig. l ) , M-VSG gene telomeres are expression sites. T h e great structural difference is also manifest in the pattern o f transcription. Northern analysis shows that, in the cloned region of the 1.22 telomere, only thc VSG genc and the Ingi-containing sequence 15 kb upstream produce steady-state R N A [24] . There is a likelihood that at least some of the lngi RNA originates from some of its other 200 copies in the genome [XI. rather than exclusively from this telomere. Examination of nascent transcripts from this telomere by the run-on assay provides comparable data, indicating that transcription initiates in a restriction fragment 2-3 kb upstream from the VSG gene; there seems t o be a transcriptionally silent 12-13 kb gap upstream, flanked by the apparently active lngi region, which may in fact be transcribed from elsewhere in the genome. For the I .6 I telomere, preliminary analysis provides similar data. transcription appearing to initiate in a region 2.5-4.5 kb upstreilm o f thc gene, with the entire 10-12 kb cloned distal region being silent.
Iiow u r i d why is the M -KW; rcpertoirt~ predictuhle Y
Because antigenic predictability seems to be an undcsirable trait for an infective stage such as the metacyclic population o f the trypanosome. we believe that it may be the unavoidable consequence of the molecular mechanism for control of VSG gene expression. Results of our molecular analysis suggest this may indeed be the case. There are major differences in the pattern of activation of VSG genes between metacyclic and bloodstream trypanosomes. In the bloodstream. there is a sequential activation of diffcrcnt genes with time, enabling the parasite population t o keep ahead o f thc sequential waves of VSG-specific antibody. As the great majority of basic copy genes can be activated only by duplication into expression sites, it is the mechanism for sequential and selective duplication, rather than for deciding which telomere should be active, that is most important in bloodstream trypanosomes. This may be reflected in the fact that. among the set o f B-ES. one is always strongly dominant and is probably the locus for expression of most VSG genes 128-3 I I. The use of VSG genes by the metacyclic population is very different. Time is not important, since only the instant of transfer into the mammal matters. In fact, antigenic variation -the switching between different VSG genesdocs not occur in the metacyclic population. Instead. the population presents a mixture from the very start, before entering the mammal, and this occurs by the simultaneous and random activation of individual telomeres within the M-VSG gene repertoire [ 191. For the different bloodstream and metacyclic systems to operate separately, it seems t o be necessary to keep the two types of expression telomere distinct. This is achieved through recombinational isolation. Having radically different sequence, the B-ES and M-ES d o not readily participate in reciprocal conversion events. While the B-ES d o not productively convert the M-VSG tclomercs, the 1.22 and 1.61 M-VSG telomeres act only as donors in gene conversion, possibly as a result of possessing only the minimum functional number of 70 bp repeat units. T h e outcome of this one-way recombination isolation is that the VSG gene in each M-ES is conserved, which means that the M-VSG repertoire is predictable.
According to our hypothesis, the predictability of the M-VSG repertoire results from the mechanism for cxpressing a mixture of VSGs at the metacyclic stage. Why should this mixture be expressed? In the field, the most important hosts arc the reservoir (mainly game) animals, which support chronic, rather than acute, infection and which, by analogy with experimental cattle [32, 331 , are probably capable of developing immunity against the entire VSG repertoire of local trypanosome serodemes. Re-infection with trypanosomes can occur only when immunity against individual VSGs begins to wane 1.341, and presentation of a mixture of VATs, rather than a single type, would greatly improve the changes of establishing infection in the semi-immune host.
If the two VSG expression systems require merely separate telomere pools, why are the M-ES telomeres so different from each other in nucleotide sequence, rather than forming a homogeneous set'? In fact, they arc not totally unique, some having a sequence which hybridizes with ESAG 1 . T h e 1.22 telomere is possibly an extreme case. It may be that the M-VSG pool cannot be too scparatc, as it would then be totally conserved and thus too predictable in the field. Rather. it may require the low level of turnover observed previously 131, with a gradual replacement with VSG genes from the large bloodstream pool. entering the M-VSG repcrtoirc by conversion initiatcd through common sequence elements such as ESAGs. Hence, the set of M-VSG telomercs may be under selective prcssure to exist as a range overlapping with the €3-VSG pool. All these requirements could be fulfilled only through telomeres being unique over most o r all of their length.
We havc examined the stability of the M-VSG genes and the way in which turnover occurs in the M-VSG repertoire. T h e 1.22 VAT is the most stablc in the metacyclic repertoire of the scrodeme we have investigated I 1.31. Bloodstream trypanosome clones expressing 1.22 havc been isolated from three stocks of the serodeme isolated from the field over I7 years and some immunological and physical characteristics (serological titrcs and isoelectric focusing patterns) of the VSG examined. These are reasonably sensitive indicators of variation in individual VSGs 1351 and revealed only identity in the 1.22 VSG from the three stocks. Probing of DNA o f a larger number of stocks from the serodeme isolated over a period of nearly 30 years revealed indistinguishable maps over the nearly 20 kb of the 1.22 tclomere examined, the only difference being that two copies of the telomere were sometimes prescnt. Thus, there docs appear to have been recombinational isolation of this telomeric region. Furthermore. there is no evidence t o support the old view that inhcrent errors in DNA replication contribute t o change in the VSG genes.
T h e mechanism of turnover in thc M-VSG repertoire has been examined by analysis of DNA from trypanosomes before and after the disappearance of the 1.6 1 (known also as 7.15) and 7.2 VATs from the metacyclic population. In both cases, the VSG gcnc has been deleted from the genome.
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Furthermore, at least 15 kb upstream of the 1.61 gene, including the apparent transcription start region, was also deleted. It seems that conversion of VSG genes, and perhaps also of telomeres, may be associated with the turnover in the M-VSG repertoire which leads to the prediction that the converting VSG gene may enter the M-VSG repertoire. If this is so, questions arise regarding the source of unique telomeres, the distance upstream of regions specifying metacyclic expression and the maintenance of the size of the M-VSG repertoire.
transcription of surface antigen genes of the African trypanosome, Tipatiosoma brircei, in both mammalian bloodstream [variant surface glycoprotein (VSG) genes] [4] [5] [6] [7] [8] [9] and procyclic (insect stage) trypanosomes 11 0, 1 1 J. Transcription of these genes and their transcription unit is completely insensitive to AMA in nuclear run-on analysis. However, all other proteincoding genes analysed thus far are transcribed by an RNAP I1 which is sensitive to AMA [ 12, 131.
To explain the AMA-resistant transcription o f VSG genes, alternative hypotheses have been proposed. First, the eukaryotic AMA-resistant RNAP I might transcribe tHe VSG genes despite their protein-coding nature [7, 121. Secondly, the VSG genes might be transcribed by a modified, AMA-resistant RNAP II [4] . In other eukaryotes, mutations conferring AMA-resistance to RNAP II have all been mapped to the largest subunit of Pol II (reviewed in [2, 151) . Thus, one would predict that trypanosomes have to contain either three (RNAPs 1-111) or four RNAP activities, RNAPs 1-111 and an AMA-resistant RNAP 11.
Biochemical analyses of RNAPs of T hruceido not match this prediction. A single or, at most, two peaks of RNAP
